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Safe and effective recanalization of totally occluded periph- 
eral and coronary arteries has been the goal of interventional 
radiologists and cardiologists for over 25 years (1). Whereas 
angioplasty technology has changed considerably and new 
devices continue to be developed, an understanding of the 
basic pathologic mechanism of recanalization remains essen- 
tially the same as that proposed more than 10 years ago (2). 
After review of clinical angiograms and postmortem speci- 
mens, Dotter (2) developed early theories on the pathologic 
basis of recanalization and summarized the major factors 
that contributed to the success or failure of the procedure. 
With the clever use of some simple silk suture, Tobis et al. 
(3) provide definitive proof of these various pathways of 
recanalization in this issue of the Journal. The insight gained 
from this investigation in relation to existing knowledge 
helps explain how various factors contribute to the success 
or failure of recanalization attempts. 
In commenting on the safety of transluminal angioplasty, 
Dotter (2) wrote that “skill, better case selection, and 
improved techniques . . . can greatly reduce the risk.” In 
order of importance, these same three contributing factors, 
the lesion, the operator and the device, affect the likelihood 
of success as well as the incidence of complications. 
Lesion Factors 
The nature of the underlying lesion probably represents 
the most important factor in determining success or failure of 
recanalization. Whereas the spectrum of pathology in oc- 
cluded vessels varies considerably, the angiographic appear- 
ance rarely provides adequate information on the nature of 
these occlusions nor does it provide very useful visualization 
of the pathway of recanalization. 
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Ideal occlusion (Fig. 1). Two occlusions with optimal 
“funnel-shaped” origins to guide the initial passage of a 
device may have significantly different underlying pathol- 
ogy. In an “ideal” occlusion (left panel) a small, fresh, 
central thrombus surrounded by a firmer fibrocellular nar- 
rowing often provides the path of least resistance (arrow) 
regardless of the device being used (guide wire, catheter, 
nonheated probe, heated probe, rotational device or direct 
laser beam). As the thrombus becomes more organized, 
however, it becomes firmer and more resistant to guide wire 
or probe passage. In this clinical situation, thermal energy 
from a heated probe has been found useful in recanalizing 
occlusions that could not be crossed with conventional guide 
wires in catheter technology (4). The mechanism of this 
thermal-tissue interaction is incompletely understood but 
has been shown to result in both vaporization and thermal 
compression through vacuolization of fibrocellular or athe- 
romatous tissue (5). 
Ruptured plaque. Unfortunately, not all occlusions have 
the aforementioned simple underlying pathology. In this 
regard, a better understanding of the pathophysiology of 
occlusions has been developed since the early theories of 
Dotter (2). Recently, it has been shown that rupture of a 
complex plaque can also cause an occlusion, at least in the 
coronary circulation (6,7). Pathologically, these lesions are 
characterized by a ruptured thin fibrous cap overlying soft 
atheromatous debris (Fig. 1, right panel). Alternatively, 
hemorrhage can occur into these atheromatous deposits. 
Interestingly, when calcium is present in these lesions it 
generally occurs deep in the subintima rather than on the 
luminal surface (8,9). Clinically and experimentally as seen 
in the present report of Tobis et al. (3), the path of recana- 
lization may just as easily be through the soft atheromatous 
debris as through the true lumen occluded by thrombus 
(arrows). Whereas these “transatheromatous” or “periathe- 
romatous” pathways were proposed initially by Dotter (2), 
the present study (3) provides the definitive proof of subin- 
timal passage by use of silk suture to track the pathway of 
the recanalization device. As the authors point out, once a 
device has taken the periatheromatous or subintimal path- 
way it can be very easy to perforate into the media and 
adventitia particularly if thermal energy is used. 
Path of least resistance versus deflection. Tobis et al. (3) 
conclude that the mechanism of recanalization in their 
studies was by mechanical deflection of the guide wire or 
thermal probe off fibrocalcific plaque. This is difficult to 
imagine because calcification is not generally found in the 
center of an occlusion but rather deep in the intima (8,9). A 
more likely explanation of recanalization is a path of least 
resistance theory. If the true lumen is obstructed with a firm, 
organized thrombus, the recanalization device may take a 
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Figure 1. Pathways of recanalization (see text). 
subintimal pathway through the softer atheromatous debris 
after the thin fibrous cap has either been ruptured or crossed 
during gentle probing. Thermal devices may have a greater 
potential for subintimal passage by vaporization of the 
fibrous cap. Once subintimal, these devices can easily per- 
forate the vessel wall if they are not “steered” back toward 
the true lumen. 
Calcification. In the present report (31, calcium was noted 
in an extremely large percentage of patients (78%). How- 
ever, as already discussed, it may not be the calcium itself 
that deflects devices and makes recanalization difficult be- 
cause calcium is deep in the intima of the vessel wall. 
Rather, calcium can be considered a marker for an older 
complex lesion that may have a ruptured plaque or a mixture 
of soft atheromatous debris through which a device is more 
likely to take the path of least resistance rather than the true 
lumen. In other words, it may be easier for a device to take 
a subintimal or periatheromatous pathway in a complex 
lesion in which calcium is a marker deep in the intima. 
Lesion length. As Tobis et al. correctly point out, lesion 
length is also a factor in determining the success of recana- 
lization. In our recent series (10) of laser-assisted balloon 
angioplasty in 107 femoropopliteal occlusions, the clinical 
success rate was 100% for short occlusions (1 to 3 cm) 
whereas lower success rates of 70% and 66% were obtained 
for longer lesions of 4 to 7 cm and >7 cm, respectively. 
However, it is interesting how variable the ease of recanali- 
zation can be with different lengths of lesions. Some long 
occlusions that probably represent a large amount of throm- 
botic material can be extremely easy to recanalize whereas 
other shorter lesions that may be more complex lesions can 
be quite difficult or impossible to recanalize even with laser 
technology. Again, the nature of the underlying lesion is 
probably the most important factor in determining the suc- 
cess or failure of recanalization. 
Operator Experience 
Learning curve. The clinical results presented in the 
present report of Tobis et al. (3) represent their early 
experience with this new device in only 18 patients. As with 
any new technique, clinical success should improve with 
greater experience with the device. In the initial clinical 
series of 219 laser thermal angioplasty procedures at 10 
medical centers (1 l), even the most experienced interven- 
tional radiologist noted higher success rates and lower 
perforation rates as experience was gained. There is a 
definite “tactile feedback” that is appreciated as this laser- 
heated probe is advanced through a lesion, and it is impor- 
tant to learn when to “push” and “when not to push” this 
device while the thermal energy vaporizes part of the lesion. 
Device Technology 
Steerability. Whereas it is not clear from this report 
which type of laser probe devices were used, Tobis et al. (3) 
state in the discussion that they had difficulty making direc- 
tional changes. One technique learned with experience to 
avoid perforation with this heated probe was to place a curve 
in the supporting “plus” wire alongside the fiberoptic. With 
this modification of the device, the curved distal tip can be 
“steered” or directed through a lesion with greater success 
and less risk of perforation just as a curved guide wire or 
catheter would be used. 
Improved lesion visualization. Today, recanalization of 
total occlusions still relies on existing fluoroscopic and 
angiographic techniques. Although digital “roadmapping” 
may help transverse a stenosis, the technique adds little to 
the recanalization of total occlusions because there is no 
opacification of the lumen. Angioscopy has been proposed 
as a useful tool to guide laser recanalization; however, in 
initial clinical trials (12) this was not found to be the case. 
Besides the technical problems of flexibility. steerability and 
clearance of blood from the visual field, the main limitation 
of the angioscopic approach to recanalization is the inability 
to obtain information about the true lumen, vessel wall 
thickness. tortuosity and branch points once recanalization 
has begun. Prototype intraluminal devices attempting to 
acquire some of this information currently include nonguid- 
ed spectroscopic systems (13) and radially directed ultra- 
sound catheters (14). If steerable forward imaging catheters 
can be developed, these technologies could help distinguish 
an ideal occlusion from a ruptured plaque and perhaps guide 
a recanalization device through an intraluminal rather than a 
subintimal pathway. 
Conclusions 
Advancements have been made in the recanalization of 
peripheral arterial occlusions; with newer technologies oc- 
clusions can now be recanalized that could not be crossed by 
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conventional guide wires and catheters (4). A better under- 
standing of the pathology of complex occlusions (6-9) and 
the pathways of recanalization now also exists (3). If the 
nature of these occlusions can be determined with greater 
accuracy, the success of recanalization will further improve. 
References 
I. Dotter CT, Judkins MP. Transluminal treatment of arteriosclerotic ob- 
struction Circulation 1964;30:654-70. 
2. Dotter CT. Transluminal angioplasty: pathologic bais. In: Zeitler E, 
Gruntzig A, Schoop W, eds. Percutaneous vascular recanlization. New 
York: Springer-Verlag, 1978:3-12. 
3. Tobis J, Smolin M. Mallery J, et al. Laser-assisted thermal angioplasty in 
human peripheral artery occlusions: mechanism of recanalization. J Am 
Coll Cardiol 1989;13: 1547-54. 
4. Cumberland DC, Sanborn TA, Taylor Dl, et al. Percutaneous laser 
thermal angioplasty: initial clinical results with a laser probe in total 
peripheral artery occlusion. Lancet 1986:l: 1457-9. 
5. Welch AJ, Bradley AB, Torres JH, et al. Laser probe ablation of normal 
and atherosclerotic human aorta in vitro: a first thermographic and 
histologic analysis. Circulation 1987;s: 135363. 
6. Falk E. Plaque rupture with severe pre-existing stenosis precipitating 
coronary thrombosis: characteristics of coronary atheroclerotic plaques 
underlying fatal occlusive thrombi. Br Heart J 1983:50: 127-34. 
7. Davies MJ, Thomas AC. Plaque fissuring: the cause of acute myocardial 
infarction, sudden ischaemic death, and crescendo angina. Br Heart J 
1985:53:363-73. 
8. Roberts WC, Buja M. The frequency and significance of coronary arterial 
thrombi and other observations in fatal acute myocardial infarction. Am J 
Med 1972;52:425-43. 
9. Woolf N. Pathology of Atherosclerosis. London: Butterworth Scientific, 
1982:71-82. 
IO. Sanborn TA. Cumberland DC, Greenfield AJ, Welsh CL, Guben JK. 
Percutaneous laser thermal angioplasty: initial results and l-year follow- 
up in 129 femoropopliteal lesions. Radiology 1988;168: 121-5. 
II. Sanborn TA, Cumberland DC, Greenfield AJ. et al. Peripheral laser- 
assisted balloon angioplasty: initial multicentered experience in 219 
peripheral arteries. Arch Surg 1989 (in press). 
12. Abela GS, Seeger JM. Barbieri E, et al. Laser angioplasty with angio- 
scopic guidance in humans. J Am Coil Cardiol 1986;8:182-94. 
13. Leon MB, Almagor Y, Bartorelli AL. Fluroesence-guided laser angio- 
plasty in patients with femoropopliteal occlusions (abstr). Circulation 
1988:78(suppl l):ll-294. 
14. Yock PG, Linker DT, Thapliyal HV, et al. Real-time, two-dimensional 
catheter ultrasound: a new technique for high-resolution intravascular 
imaging (abstr). J Am Coil Cardiol 1988;11:130A. 
